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ABSTRACT 

The Universi ty  of Iowa equipment on Mariner I V ,  which was 

launched towards Mars on 28 November 1964, consists ir, p a r t  of 

two t h i n  window GMtubes sens i t ive  t o  e lectrons of Ee 2 40 keV 

( D e t  B) and Ee > 45 keV ( D e t  A), and a shielded GM tube (Det C) 

s e n s i t i v e  t o  e lec t rons  of Ee > l 5 O  keV and having a threshold  

of  - 55 MeV f o r  omnidirectional protons. Observations over t h e  

per iod  28 November 1964 t o  30 September 1965 have shown t h e  

following: 

were present  i n  t h e  in te rp lane tary  medium p r i o r  t o  day 12, 1965 

with i n t e n s i t i e s  of - 0.5 (em2 see sr)  

cosmic ray  gradient  for protons o f  E 

3 p e r  cent pe r  AU and t h a t  t h e  data a r e  consis tent  with zero 

gradien t .  (e) There a re  l a r g e  changes i n  t h e  i n t e n s i t i e s  of 

protons of E > 55 MeV, but t h e  d i rec t ion  and magnitude of t h e  

gradient  f o r  such protons were uncertain during s o l a r  minimum. 

The implicat ions of  these  r e s u l t s  a re  discussed. 

" 

(a) Electrons i n  t h e  energy range 0.40 < Ee < 150 keV - 

-1 . (b) The in t e rp l ane ta ry  

> 430 MeV was l e s s  than  
P "  

P "  
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Introduct ion 

The Mariner I V  spacecraft  was launched on 28 November 1964 

i n t o  an o r b i t  calculated t o  produce a close approach t o  the  planet  

Mars on 15 J u l y  1965. 

de tec to r s  on Mariner I V  has previously been described i n  d e t a i l  

[Van Allen and Krimigis, 19651 [Krimigis and Armstrong, 19661. 

Briefly,  it cons i s t s  i n  p a r t  of t h r e e  end-window type GM tubes 

having e l ec t ron  energy thresholds of 40 keV (Detector B), 45 keV 

(Detector A), and 150 keV (Detector C) f o r  p a r t i c l e s  enter ing 

through t h e i r  col l imators .  The corresponding proton energy 

thresholds  a r e  0.55 MeV, 0.67 MeV, and 3.1 MeV, r e spec t ive ly .  

Their omnidirectional c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  i d e n t i c a l  

with an e f f e c t i v e  threshold of - 55 MeV f o r  protons.  

t o  t h e  GM tubes t h e r e  i s  a t h i n  ( - 35 microns) surface b a r r i e r  

s o l i d  s ta te  de tec to r  responding t o  protons i n  t h e  energy ranges 

0.50 < E 

(Detector D ) and i n s e n s i t i v e  t o  e l ec t rons  of any energy. 

of t h e  f i v e  de t ec to r s  has a conical col l imator  with a f u l l  ver tex 

angle of 60". 

The University of Iowa package of p a r t i c l e  

I n  addi t ion 

< 11 MeV (Detector D1) and 0.88 < E < 4 MeV 
- P -  - P -  

Each 2 

The detectors re levant  t o  the  present  i nves t iga t ion  a re  

t h e  th ree  GM tubes, namely, A, B, and C .  During t h e  pcr iod of 

observations reported herein,  detectors  A and B responded t o  



5 

on day 8 and ended on day 12 [Krimigis and V a n  Allen, 19661. 

t h e  omnidirectional cha rac t e r i s t i c s  of de tec tors  A, B, and C a r e  

iden t i ca l ,  one must conclude tha t  t h e  decrease i n  t h e  counting 

r a t e s  of A and B i s  due t o  t h e  decrease i n  i n t e n s i t y  of some 

component of r ad ia t ion  t h a t  can pese t r a t e  t h e  t h i n  windows of A 

and B, but not t h e  shielded window of C .  We are thus  l imi t ed  t o  

t h e  following types of rad ia t ion :  

0.55 < E 

i n  t h e  energy range 0.40 -= E 

not ing t h a t  de tec tor  D1, sens i t ive  t o  protons i n  t h e  i n t e r v a l  

0.5 < E 

day 8 [Krimigis and V a n  Allen, 19661. 

on t h e  grounds t h a t  de tec tors  A and B are point ing a t  d i f f e r e n t  

p a r t s  of t h e  sky and, s ince  t h e  spacecraft  r o l l  i s  slow i n  ce les t ia l  

coordinates,  could not both observe i n t e n s i t y  f luc tua t ions  of some 

unknown x-ray source. We are  thus l e d  t o  a l t e r n a t i v e  ( 3 ) ,  namely 

t h a t  e lec t rons  i n  t h e  range 0.40 < Ee < 150 keV were present  i n  t h e  

in t e rp l ane ta ry  m e d i u m  p r i o r  t o  day 8, and t h e  counting r a t e s  of 

de tec tors  A and B decreased by 3% and 5%, respect ively,  a f t e r  day 12. 

The change i n  t h e  r a t e  of detector  B corresponds t o  an e l ec t ron  flux 

of 0.55 + 0.05 (ern2 see sr)  

(em see  srl . This apparent modulation of 40 keV e lec t rons  i s  

reminiscent of t h e  modulation of the 3 t o  12 MeV e lec t rons  

observed by Cline e t  a l .  [1964]. 

Since 

(1) Protons i n  t h e  energy range 
0 

< 3.1 MeV; (2) x-rays i n  t h e  range 2-12 A; and (3) electrons 
- P  

< 150 keV. We can el iminate  (1) by e - 

< 11 MeV, d id  not  show t h e  presence of protons p r i o r  t o  - P -  

Alternat ive (2) i s  unlikely,  

- 

-1 and t h a t  of de tec tor  A t o  0.45 + 0.05 - - 
2 \ -1 

It i s  noted t h a t  on day 12  
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t h e  component of t h e  in t e rp l ane ta ry  s p i r a l  f i e l d  changed i t s  d i r ec -  

t i o n  from negative (point ing towards t h e  sun) t o  p o s i t i v e  (point ing 

away from t h e  sun) [Coleman e t  a l . ,  19671, and t h a t  t h e  i n t e n s i t y  

was modulated by t h e  sec tor  s t ruc tu re  of t h e  f i e l d  s ince  t h e  appear- 

ance of e lec t rons  on day 340. Thus it appears t h a t  t hese  e lec t rons  

a r e  of s o l a r  r a t h e r  than ga lac t i c  o r ig in .  

(b) Time Vaziations i n  Counting Rates 
of Detectors A and B. 

The counting r a t e s  of A and B have shown short-term increases ,  

corresponding t o  severa l  proton and e l ec t ron  events, which have been 

discussed elsewhere [Krimigis and V a n  Allen, 1966; V a n  Allen and 

Krimigis, 19651. 

background counting r a t e  of de tec tor  A of - 15% from day 333, 1964 

t o  day 374, 1965. 

I n  addition, t he re  i s  a monotonic decrease i n  t h e  

This decrease was expected from t h e  p r e f l i g h t  

temperature ca l ib ra t ions  of A; the  temperature of t h e  instrument 

changed from approximately 29" C on day 334, t o  9" C on day 374, 

1965. It i s  noted t h a t  no monotonic decrease i s  observed i n  t h e  

counting r a t e s  of de tec tors  B and C over t h e  same per iod;  t h i s  i s  

also cons is ten t  with t h e  p r e f l i g h t  ca l ib ra t ions  of these  de tec tors ,  

which show t h a t  t h e  change i n  the  counting r a t e  over t h e  temperature 

range quoted i s  l e s s  than one percent.  

(c) Comparison of C and the  Neutron 
Monitor. 

The counting r a t e  of detector  C shows a correspondence i n  

d e t a i l  t o  t h e  counting r a t e  of the neutron monitor, from day 333, 

1964 t o  approximately day 150, 1965. Beyond day 150, t h e  



7 

correspondence i n  d e t a i l  between t h e  two de tec tors  i s  not as 

pronounced. 

neutron monitor appears t o  be approximately c o n s t a t  up t o  day 

150 and then gradual ly  decl ines  t o  a new constant value beyond 

day 200. I n  order  t o  inves t iga te  t h e  poss ib le  v a r i a t i o n  of  t h e  

counting r a t e  of C with he l iocent r ic  r a d i a l  d i s tance  we show i n  

Figure 2 t h e  f i v e  day averages of t h e  counting rates of C and t h e  

neutron monitor ( the  so lar  proton data have been excluded) along 

with t h e  d i f fe rence  i n  he l iocent r ic  radial dis tance between t h e  

o r b i t  of t h e  ea r th  and t h e  posi t ion of Mariner I V .  The observations 

have been divided i n t o  four periods as ind ica ted  i n  t h e  f igure .  

We observe t h e  following. 

(1) 

The r a t i o  of t h e  counting r a t e  of C t o  t h a t  of t h e  

During per iod 1 t h e  counting r a t e s  of C and t h e  neutron 

monitor showed no change. The co r re l a t ion  coef f ic ien t  

between t h e  respect ive ra tes  i s  0.65. 

During per iod 2 t h e  counting r a t e  of t h e  neutron monitor 

increased by - 1.876, while t h a t  of C increased by a 

m a x i m u m  of 2.7% (shown by the  dashed l i n e  of m a x i m u m  

s lope consis tent  with t h e  d a t a ) .  

with zero slope would a l so  be consis tent  with t h e  data .  

The cor re la t ion  coef f ic ien t  between t h e  counting r a t e s  

of C and t h e  neutron monitor i s  0.58. 

Per iod 3 shows a decrease of 7.5% i n  t h e  counting r a t e  

of C and of 2.1% i n  t h e  counting r a t e  of  t h e  neutron 

( 2 )  

It i s  noted t h a t  a l i n e  

( 3 )  
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monitor. 

may be changing during t h i s  per iod.  

c i en t  was found t o  be 0.87. 

The counting r a t e s  of C and t h e  neutron monitor showed no 

appreciable change during per iod 4. 

coef f ic ien t  i n  t h i s  case was ca lcu la ted  t o  be  0.52. 

The cutoff r i g i d i t y  of the  Deep River neutron monitor i s  

It i s  suggested t h a t  t h e  proton energy spectrum 

The co r re l a t ion  coef f i -  

(4) 
The co r re l a t ion  

1.02 BV [Webber, 19621 corresponding t o  a proton energy of 430 MeV, 

whereas t h e  omnidirectional threshold of de tec tor  C €or protons i s  

55 MeV. Although t h e  two detectors  do not respond t o  p a r t i c l e s  of 

t h e  same energy they  may s t i l l  be compared i f  t h e  assumption i s  

made t h a t  t h e  energy spectrum stays constant o r  becomes s o f t e r  

during a given per iod  of observation. 

expected t o  see  an equal o r  greater  increase  than  t h e  neutron 

monitor, i f  t h e  above assumption i s  va l id ,  as appears t o  be  t h e  

case during per iod 2. 

t h e  gradient  f o r  protons of E 

and t h a t  t h e  dataare consis tent  with a zero gradien t .  It i s  noted 

t h a t  t h i s  upper l i m i t  may be  reduced even f u r t h e r  by observing t h a t  

a 1% increase  i n  t h e  neutron monitor counting rate corresponds t o  

- 2.5% increase  i n  t h e  r a t e  of Det C. 

Thus, de tec tor  C would be 

We conclude from observation (2) above t h a t  

> 430 MeV i s  less  than 3 per  cent p e r  A-U 
P "  

(d) 

A r ad ia t ion  de tec tor  with spec t r a l  s e n s i t i v i t y  similar t o  

t h a t  of C [Krimigis and Van Allen, 19671 was i n  operat ion on t h e  

Comparison of C with Injun I V .  
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Universi ty  of Iowa, po lar -orb i t ing  Injun I V  s a t e l l i t e .  The 

counting r a t e  of t h e  112 GM tube was averaged over t h a t  per iod of 

t ime when t h e  s a t e l l i t e  passed over t h e  e a r t h ' s  po lar  caps. 

The d a i l y  averages a r e  shown i n  Figure 3. Data from two add i t iona l  

GM tubes with similar thersholds on t h e  same s a t e l l i t e ,  a 302 and 

a 213 SpB, a r e  shown f o r  comparison. The counting r a t e s  of C and of 

t h e  neutron monitor a r e  a l so  included. 

when t h e  s a t e l l i t e  was tumbling i r r e g u l a r l y ,  and carrying out an 

analys is  similar t o  t h a t  i n  (c )  above we f i n d  t h e  following: 

(1) 

Neglecting t h e  per iod 

The counting r a t e  of t h e  112 GM tube  increased by - 15% 
from day 60 t o  day 130, while t h a t  of detec tor  C increased 

by a m a x i m u m  of 2.4%. 

t h i s  per iod i s  found t o  be 0.23. 

The c o r r e l a t i o n  coe f f i c i en t  during 

(2) The counting r a t e  of t h e  112 decreased by - 18% from 

day 130 t o  day 200, while t h a t  of de tec to r  C decreased 

by - 7.5%. 

per iod was ca lcu la ted  t o  be 0.71. 

The cor re la t ion  c o e f f i c i e n t  during t h i s  

We conclude from t h e  above t h a t  f o r  E 2 55 MeV, t h e  per iod from 

day 60 t o  day 130 ind ica t e s  a la rge  (150 per  cent/A.U.) negative 

gradient ,  while t h e  per iod from day 130 t o  day 200 ind ica t e s  an 

equal ly  l a r g e  pos i t i ve  g rad ien t .  It i s  noted t h a t  t h e  counting 

rates of t h e  InJun IV detec tors  have not as  ye t  been cor rec ted  

f o r  t h e  albedo contr ibut ion and thus t h e  r e s u l t  f o r  t h e  gradient  

f o r  protons of E 

emphasized i n  t h e  present  study. 

P 

> 55 MeV i s  considered t e n t a t i v e  and i s  not 
P "  
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Conclusions 

We have shown t h a t  

(a) Electrons i n  t h e  energy range of  40 < Ee < 150 keV were 

present  i n  t h e  in te rp lane tary  medium i n  i n t e n s i t i e s  of  

t h e  order 0.5 (em2 sec  sr)-', p r i o r  t o  day 12, 1965. 

- 

(b) The in t e rp l ane ta ry  cosmic r a y  gradient  f o r  protons of  

E The da ta  a r e  cons is ten t  with 

zero gradien t .  This r e su l t  i s  i n  apparent disagreement 

with t h e  r e s u l t s  of O'Gallagher and Simpson [1967]. 

There a re  l a r g e  changes i n  t h e  i n t e n s i t i e s  of protons of 

E 2 55  MeV, but t h e  d i r ec t ion  and magnitude of t h e  

gradient  a r e  uncer ta in  during s o l a r  minimum. 

2 430 MeV i s  < 3$/A.U. 
P 

( e )  

P 
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FIGURE CAPTIONS 

Figure 1. The d a i l y  averages of t h e  counting r a t e s  of t h e  th ree  

GM tubes on Mariner I V .  

r a t e s  have been included f o r  comparison. Note t h e  increase  

i n  solar a c t i v i t y  beginning on day 144, as ind ica ted  by 

de tec tors  A and B. 

The Deep River neutron monitor 

Figure 2. Five-day averages o f t h e  counting r a t e s  of de tec tor  C 

and t h e  Deep River neutron monitor. 

he l iocen t r i c  r a d i a l  distance between t h e  o r b i t  of ea r th  

and t h e  Mariner I V  spacecraf t .  

aR represents  t h e  

Figure 3 .  Similar t o  Figure l b u t  with t h e  Injun I V  de tec tors  

included. The black dots  i nd ica t e  t h e  counting rate 

of t h e  SpB GM tube and the  open t r i ang le s ,  t h e  r a t e  of  

t h e  302 GM tube.  
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